INTRODUCTION
The issue of linking ecosystems to socioeconomiccultural ones is of central importance for the analysis underlying almost any action related to sustainability. Without a proper understanding of the link in its local, regional, national, continental, and global contexts, it is impossible to move into the challenges of sustainable development in its three interdependent dimensions: ecological, economic, and socio-cultural. The issues have to be addressed in all three dimensions and not only in a more limited space of two or, even worse, only one dimension. These dimensions are truly integrated in a system with numerous interactions. It is here that the issue of "fit" emerged more than a decade ago, i.e., the way in which these dimensions interplay and depend on each other. Some may interpret this as a rather trivial issue of a technical methods kind, but the binding together and synthesizing work needed requires deep reflections on the character of these systems and the ways in which they can connect to a new systemic totality. This normally has to be done in a specific geographical space, be it on a micro level or a macro level, while recognizing the drivers of change internally and externally. This is what is meant by the problem of "fit."
In the mid-1990s, this issue was highlighted and analyzed by the authors of the current paper (Folke et al. 1998b ). The results were widely disseminated in a document issued by the International Human Dimensions Program (IHDP) in [1997] [1998] . The aim of the current publication is to make the original paper, whose text is presented in italics, accessible to a wider audience. We have inserted a few additions to and reflections on the original text. A lot of work has been published on the problem of fit during the last decade. We do not intend to provide an update or review the issue. The volume of IDGEC (institutional dimensions of global environmental change) in progress (Young et al. 2007 ) raises the issue and includes a paper with a few of the original authors (Galaz et al. 2007 ). Members of the Resilience Alliance have addressed the topic (e.g., Gunderson and Holling 2002 , Berkes et al. 2003 , Norberg and Cumming 2007 , as have studies on institutions and common pool resources (e.g., Costanza et al. 2001 , Ostrom et al. 2002 , Brown 2003 . In addition, several papers have been published in Ecology and Society, including in the special features on cross-scale institutions, edited by David Cash (Cash et al. 2006) , and exploring resilience, edited by Brian Walker and colleagues. We start the introduction on the definition of "fit" as it was seen a decade ago in the original document (Folke et al. 1998b ). Underdal (1997) [1998] paper will address the social domain of institutions, our main focus will be on institutional linkages to the biophysical domain.
Young and
By institutions we mean the humanly devised constraints that shape human interaction and the way societies evolve through time (North 1990 (Hanna et al. 1996) . They also have the potential to inhibit adaptive responses to ecosystem changes, and to combine to create gridlock and confusion in environmental management.
Our approach seeks to endogenize the role of social institutions in large-scale biophysical systems, by looking at human systems as subsystems of the ecosphere. Human systems are dependent on the structure and functioning of ecosystems. Ecosystems generate essential natural resources and ecological services (Odum 1989 , Daily 1997 . The capacity of ecosystems to provide this support is increasingly threatened, not only at local scales, but also at regional and global scales (Jansson et al. 1994) . This is a consequence of the rapid extension of human domination, particularly during this century (Vitousek 1994) . The internationalization and globalization of human activities, the growth of the human population, and the large-scale movements of people have generated novel ecological and social dynamics at regional and even planetary scales (Turner et al. 1990) . Processes have become so interwoven that many actions, although local in origin, are regional and global in their effects (Turner et al. 1990 , Ekins et al. 1994 , Holling 1994 . Incremental changes in land use, for example, influence climate change, regional biodiversity, and the evolution of new diseases (Houghton et al. 1996 , Skole and Tucker 1993 , McMichael et al. 1996 . Understanding and coping with such complex linkages becomes an analytical and observational challenge, with the numerous feedbacks across scales in time and space, throughout the entire system of humans and nature.
The present state of the world has been characterized as one in which human management is dominant, whereas over the course of human history humans have been "managed" by their environments, both biophysical (the natural, pacesetting cycles of seasons, plagues, etc.) and social (economic epochs, cultures, etc.; Holling and Sanderson 1996) . This contrast has been extended into an explicit critique of modern resource management institutions (Ludwig et al. 1993) , where it is suggested that institutions should be "managed" by environmental conditions. Clearly there is a co-evolutionary nature to the fit between institutions and their environment. It is no longer fruitful to separate humans and nature, nor is it useful to fight endless disciplinary battles between "social" and "natural" science.
However, few have analyzed the interactions between social systems and key structuring processes in ecosystems. In many volumes on resource management and environmental studies humans have been treated as external to ecosystems. By contrast, studies of institutions have mainly investigated processes within the social system, treating the ecosystem largely as a "black box." Analyses of institutions seldom explicitly deal with linkages to functional diversity, key structuring processes, and resilience (capacity to survive disturbance) in ecosystems.

The problem of fit is about these linkages, and is the focus in this paper. While a general use of the word fit has to do with suitability for a task, another use of the word "fit" in English refers to a match of sizes, e.g., if the shoe fits, then it is a good match for the foot. Social and ecological systems and processes have sizes too: they have spatial and temporal dimensions (Clark 1987). The question then arises:
How does the scale (temporal, spatial, functional) of an institution relate to the ecosystem being managed, and does it affect the effectiveness and robustness of the institution? Functional scales (Lee 1993) would in most contexts be called "scope," that is, the variety of processes that are covered by a given institution. http://www.ecologyandsociety.org/vol12/iss1/art30/
We start the paper (Section II) with a description of a few properties of ecosystems that have implications for human use and management. Next we discuss the lack of fit between conventional management and ecosystem properties (Section III) and the social and economic causes behind ecosystem deterioration (Section IV). Following that are some real-world examples of institutions for ecological management and some social mechanisms that seem to provide an institutional fit to ecosystem processes and functions (Section V). Thereafter we discuss adaptive management and the issue of nested institutions for environmental management (Section VI). We end the paper by proposing a few research challenges in relation to the problem of fit between ecosystems and institutions (Section VII).
Reflection
The perspective of the human system as a dominant subsystem raised in the introduction in the 1998 paper has expanded and become a high-priority systems issue in the research literature on natural resource management, climate change, and sustainability. We have learned that we now live in the era of the Anthropocene (Crutzen and Stoermer 2000) in which Earth system processes from local to global scales are strongly shaped by humanity (e. g., Steffen et al. 2004 , Foley et al. 2005 . As is envisaged by the discussions in the climate change domain, a further and now stronger scientific basis exists, not the least codified by the Intergovernmental Panel of Climate Change (IPCC), after the past decade for the importance of the human driver in greenhouse gas phenomena and their relationship to global change. Based on such insights, the balance of focus between mitigation and adaptation has also started to shift, through, for example, the work of the Tyndall Centre in the UK. Much more has now been said on the globalization phenomena in relation to local situations, including socioeconomic drivers of change (e.g., Lambin et al. 2003 , Berkes et al. 2006 , but the dominant work on economic and social globalization still lacks the connection to the biosphere and ecosystem capacity. The scaling issue has been further elaborated upon, both in general and in terms of a stronger focus on the regional level, not least in terms of "best practices worldwide." Institutional research in relation to natural resource and ecosystem management has continued its progress (e.g., Young et al. 2007 ). Overall, progress has been made on the fit problem, although the bulk of research on societal development, sustainable development, and human futures still treats social and ecological systems as largely separate entities. We plea for a more integrated view to confront the challenges of global change. Below we will expand on these items and others whenever they appear through writings in the "old" text. (Odum 1989 (Ehrlich and Mooney 1983 , Folke 1991 , de Groot 1992 , Daily 1997 
II. PROPERTIES OF ECOSYSTEMS THAT HAVE IMPLICATIONS FOR INSTITUTIONS
Reflection
In 1998, many of the highlighted concepts were early markers, e.g., "Viewing ecosystems as lifesupport systems emphasizes the nature-human interface." Now researchers have consolidated and more deeply explored many of the concepts in terms of both conceptual space and empirical studies. The process of and results from the UN-supported Millennium Ecosystem Assessment (www.millenn iumassessment.org) have gained widespread recognition with the concept of "ecosystem services" as a supporting set of ideas significantly expanded since the mid-1990s. There is growing recognition among both social scientists and policy makers that not only the services themselves, but also the capacity of ecosystems shaped by human actions and governance systems to supply these services, provide the foundation for social and economic development. (Philander 1989) , variations in insolation (Eddy 1994) , cycles in orbital precession (Davis and Sellers 1994) (Krugman 1991 , Foster 1992 , Arthur 1994 .
Ecosystems as dynamically variable systems
Reflection
The general framework of complexity theory has developed in relation to complex adaptive ecosystems (e.g., Levin 1999) , and at present the strong emergence of complex systems ideas and connected dynamism sets the pace for analyses of social-ecological systems. The observation of regime shifts in many ecosystems is coming more and more to the forefront (e.g., Scheffer et al. 2001 , Folke et al. 2004 . Ecosystems are no longer interpreted as rather stable entities that could be approached by checking their fit through simple sets of indicators to be used in the socio-cultural and economic domains. The development of historical interpretations in ecology, not the least related to food webs as a start of analysis of overfishing (e.g., Jackson et al. 2001 ) has heavily expanded our http://www.ecologyandsociety.org/vol12/iss1/art30/ understanding of the dynamics of the processes involved. It is here that the regime shift concept enters the picture and the role of biological diversity in ecosystem functioning and resilience becomes critical (e.g., Peterson et al. 1998 , Elmqvist et al. 2003 , Bellwood et al. 2004 . We have also seen a gradual increase in policy formulation and, to some extent, implementation. (Turner 1989) . Many economic practices and their governing institutions are geared to alter the pattern of the landscape, and in so doing they change underlying ecosystem processes.
Ecosystems as spatially heterogeneous systems
Reflection
During the past decade, ideas and research lines about "patchiness" have gained much momentum (see, e.g., the DYN group at the International Institute for Applied Systems Analysis). Also the development of ideas about networks of resources, especially in landscapes characterized by quickly changing dynamic processes, has come to the forefront. Exemplifications using various adaptive management approaches (e.g., the Unesco Programme on Man and the Biosphere) on very different objects have heavily expanded in scope and diversity. The implication of a spatial dimension in natural resource and environmental economics is also a field worth exploring.
Ecosystems as complex, evolving systems
The interactions among species in a food web and their relations to water flow and biogeochemical cycling are complex and nonlinear, and contain lags and discontinuities, thresholds, and limits. Ecosystems are complex, self-organizing systems nested across temporal and spatial scales (O'Neill et al. 1986 , Levin 1992 . Because these systems are evolutionary rather than mechanistic, they exhibit a limited degree of predictability (Costanza et al. 1993) . Holling (1986) has described ecosystem behavior as the dynamic sequential interaction between four basic system functions ( Fig. 1) (1) the y axis shows the amount of accumulated capital potential, e.g., nutrients, carbon, stored in the variables that are the dominant structuring variables at that moment, and (2) the x axis indicates the degree of connectedness among the variables. The arrows entering and leaving a phase suggest the points at which the system is most sensitive to external influence. stability. Resilience is the system's capacity to survive disturbance, i.e., its capacity to undergo stress and yet recover, or even to endogenize the disturbance and transcend it (Holling 1973 (Westoby et al. 1989 . Loss of functional diversity and buffer capacity implies that the capacity of ecosystems to sustain the flow of essential natural resources and ecological services is being challenged 
Reflection
The role of biodiversity in complex adaptive ecosystems was commented upon in the previous reflection. Work on resilience has expanded considerably and is increasingly addressing the sources of social and ecological resilience and the capacity to deal with change (reviewed by Folke 2006) . The challenge for policy in dealing with evolving systems has been discussed by Kinzig et al. (2003) and others.
Disturbance as an important part of development
Natural disturbances, such as events triggered by fire, wind, and herbivores, are an inherent part of the internal dynamics of ecosystems and in many cases set the timing of successional cycles (Sousa 1984) . Natural disturbances are parts of ecosystem development and evolution, and seem to be crucial for ecosystem resilience and integrity (Levin et al. 1997) . (Ludwig et al. 1997) . The flip from one state to another is often induced by human activity, for example, by cattle ranching in savanna systems (Behnke et al. 1993 , Westoby et al. 1989 , overfishing and eutrophication around coral reefs (Knowlton 1992 , Hughes 1994 , and eutrophication of lakes (Scheffer et al. 1993 
Reflection
The interplay between release and creative destruction has called for new "navigation" approaches in the management realm. This has involved far more links and phases than were involved in the mid-90s elaborations. In fact, the involvement of new elements in these webs as social (dynamic) memory and other social-ecological sources exemplifies the point. Resilience as an emerging key concept is now considered to provide not only just a buffer against shocks but also the capacity to nourish new structures that allow innovation to take place. The development of resilience features has expanded in terms of couplings of interconnected temporal and spatial scales. This has been done as an outflow of the stronger interests and capacities of analysis of highly integrated social-ecological systems (e.g., Carpenter and Brock 2006). (Costanza and Folke 1997 (Redford 1990) , "living in harmony with nature, enjoying its bounty and preserving the environment with sympathetic understanding" (Jamieson and Lovelace 1985) . We do make the argument that in many cases proximity and direct dependence on the resource base make it easier to filter out and discard practices that are clearly unsustainable, and this close connection to nature is a property of many indigenous traditional systems.
III. THE LACK OF FIT BETWEEN CONVENTIONAL MANAGEMENT INSTITUTIONS AND ECOSYSTEM PROPERTIES
It is true that some modern ecological problems do come from "bad ideas" (White 1967 , see also the literature on ecofeminism), but modern institutions are not simply self-destructive: for one thing, they are in a state of flux, adapting themselves more or less rapidly to a fossil fuel resource base from a solar and geological resource base (Odum 1971) . Disharmony arises as the social system tried to "fit" itself to two very disparate resource bases, and there is no guarantee of ultimate consonance between the rationalities of industrial development and ecological sustainability.
Reflection
Today the remark about examples of lack of fit seems self-evident, more so than it did in the mid-1990s. However, efforts to come to grips with the fit problems are still at the research frontier (e. g., Young 2002), and are addressed also in additional fields such as archeology and anthropology (Redman 1999, van (Farvar and Milton 1972) .
Issues such as fixed maximum yield approaches seem less at the cutting edge today, but, in the domain of practice and policy, these thought patterns are still very much alive. Ideas about the role of variability have greatly been expanded, for example, in relation to complex ecosystem dynamics and their management and governance (e. g., Wilson 2006) . A subject of particular interest in this expanding area is the interplay between different levels of aggregation. At the level of connected management, it seems important to draw a distinction between visible and invisible market niches interplaying in the same domains. In particular, the technology drivers for this varied composition are presently emerging. This phenomenon received very little attention in the mid-1990s, when issues related to globalization were already becoming apparent, but was still not being viewed as an extremely dynamic process that enables socio-technical systems to operate at several levels simultaneously. (Gunderson et al. 1995) . At the same time, conventional resource management deteriorates the capacity of the ecosystem to generate essential ecological services that other parts of society depend upon (Odum 1989 , Folke 1991 , de Groot 1992 , Daily 1997 Regier and Baskerville 1986 , Acheson et al. 1997 , Ludwig et al. 1993 , Finlayson and McCay 1997 .
Recent articles on social and economic adaptations that have contributed to the pathology of natural resource management include studies of coastal fisheries (Huitric 2005) , regional agriculture (Allison and Hobbs 2004), and possibly the global fish meal trade (Deutsch et al. 2007 ). The most recent articles examine the "new" global dynamics referred to above, and how the biosphere has been drawn more strongly into these processes. With this in mind, there is a need for a more vigorous focus on economic development as part of the overall systemic composition of globalization, although this subject should be addressed in the context of broader social-ecological systems context. This idea is still cutting edge, especially in its policy implications (Young et al. 2006 ). It is not by mere chance that the challenge identified for the UN Johannesburg conference in 2002 involved implementation mechanisms. Also, the current discussion in the EU on sustainability policy has highlighted these aspects. To some extent, this discussion has shifted the focus of analysis, even more pronounced in policy, from a more isolated green posture to the significance of the biosphere as a life-support system for social and economic development.
Crisis for institutional learning?
However (Gunderson et al. 1995 (Levin 1997) . As resilience of the ecosystem gradually declines, flexibility is reduced and ultimately lost, and the social system becomes more vulnerable to surprise and crisis .
Reflection
In the mid-1980s, when the concept of sustainability first emerged (see, e.g, Clark and Munn 1986, and more recently Clark et al. 2001) , the issue of "social learning" was already on the table. However, researchers were still not particularly interested in ecosystem feedbacks. That has changed, and examples of the emergence of self-organized multilevel governance systems for ecosystem management in response to perceived crises are now appearing (e.g., Olsson et al. 2004a,b) . Also new is work on facilitating learning for environmental management (e.g., Pahl-Wostl and Hare 2004), and studies connecting scale issues with epistemology. The earlier work suggesting the potentials of scalespecific knowledge, such as local and traditional knowledge (Berkes and Folke 1998), has been extended into discussions of the broader policy implications of bridging scales and knowledge systems (e.g., Reid et al. 2006) . In general terms, it is in the last decade that the merger of the concept of the knowledge society with environmental considerations has started to gain momentum. In a political sense, the launch in the EU of the concept of the knowledge society in connection with the Lisbon agenda is a fairly recent example of this. At the political level, the connection to the environmental agenda still needs both analytical and political support. Here also the global connotations are more and more important, as, for example, could be seen in the case of global fisheries management or mismanagement. Extreme and not yet very visible cases connecting, for example, Thai aquaculture feed input from as far away as North Sea fisheries point both to the global nature and the surprising characteristics of "reversed" resource streams in the patterns of the global economy (Deutsch et al. 2007 ). The interplay between local and global markets is just another facet of the same coin. Examples from research projects undertaken in the last decade provide a new and stronger base for fresh insights into these fields. http://www.ecologyandsociety.org/vol12/iss1/art30/ (Mather et al. 1998) and commonly disappear in place-specific analysis (Kasperson et al. 1996) . When these supposed macro-mechanisms are not understood and set in context, even statistically significant correlations may be spurious.
IV. ECONOMIC AND SOCIAL BARRIERS TO THE FIT BETWEEN ECOSYSTEM AND INSTITUTIONS
Reflection
The analysis of more than a decade of major phenomena related to barriers and promoters has gradually provided stronger and stronger evidence about issues that until now have been correctly but only vaguely understood. The last decade also provided a gradual assemblage of cases that may make it possible to fundamentally revise our understanding of the factors involved. A good case is the re-interpretation of the dynamic mechanisms of land use (e.g., the LUCC project on land-use and land-cover change, Lambin et al. 2004, and other investigations) in which the population and poverty drivers that contributed so strongly to earlier explanations now have to be understood in their economic and political contexts, and in terms of how they operate in a globalized society. The classic demographic problematique has undergone major shifts because of the addition of other influential but entirely different factors, such as education levels, to our understanding of the dynamics (see, e.g., results from the International Institute of Applied http://www.ecologyandsociety.org/vol12/iss1/art30/ Systems Analysis demography group under Wolfgang Lutz). Here we face strong new interpretation shifts in these domains that were highlighted in the 1990s as issues of fit. In part, these phenomena result from the inclusion, in a broader systems analysis, of factors that were once treated separately, e.g., issues about related to niche markets in connection to phenomena of ecological change. The analysis of underlying driving forces has been more refined during the last decade by increased attention to phenomena that interact on multiple scales (see, e.g., the U.S. Academy of Science reports, results from the Tyndall Centre in the UK, Berkes et al. 2006 , Kinzig et al. 2006 ).
Scale and driving forces
The (Turner et al. 1993) . They can also be categorized according to the space and time scales they occupy, so that analysis of institutional forms at a particular scale will draw attention to particular driving forces (see Fig. 2 Table 1 ).
As has been said in reference to nested scales (indeed, it has been a specific complaint against Fig.   2 ), "the world is not a set of Chinese boxes." Static approaches to hierarchy theory are satisfied with a snapshot of processes describing the scales at which they operate. In the real world, it is found that these scales change over time (Gunderson et al. 1997 (Sanderson and Pritchard 1998a (Dornbusch and Edwards 1991) . It is equally likely that temporal mismatches display the reverse problem, so that in rapidly changing environments social systems are slow to respond and are characterized by cultural inertia and organizational rigidity (Kuran 1988 
Reflection
Although multiscale phenomena were not invisible in the perspectives discussed in the mid-990s, the strong micro-macro connections were not really studied as such (e.g., Liljenstrom and Svedin 2005) . During the last decade, the increased interest in networks and evolutionary processes involving such bundles of connectivity is a new and almost qualitative jump in the analysis. This has also had implications for new, emerging contemporary concepts that incorporate old ideas, such as adaptive governance (Dietz et al. 2003 , Folke et al. 2005 . Cross-scale interactions in systems of multilevel governance have also become a popular research topic in the last decade, but the problem of fit in relation to ecosystem dynamics and management at various scales still needs to be addressed.
Responses to surprise
One way of structuring an inquiry into human social and economic processes at multiple scales is with a typology of response to surprise. Gunderson et al. (1997) (Holling and Sanderson 1996) . Type III surprises are especially useful in revealing latent processes that are undiscovered in "normal" times. Douglass North (North 1993) Sanderson and Pritchard 1998b) . However, success in coping may have more to do with the timing of the surprise than with overall societal flexibility.
Reflection
Responses to surprise lie basically in the policy domain. At the analytical level, a broad repertoire of such policy responses has been highlighted. What is fairly new during the last decade is the shift in the policy community toward a greater interest in adaptation in relation to the earlier focus of mitigation (Adger 2006) . This is most clearly seen in the domain of climate change and has implications for research policy in terms of choosing which phenomena to be addressed. Interest in adaptation has also grown on a more general or sustainability level, as was seen in the UN Johannesburg Conference of 2002. This shift has also generated more interest in the subjects of resilience and vulnerability, in particular in the composite and complex sets of factors used for such analyses. (Ostrom 1990) , and marine resource tenure systems in Oceania (Johannes 1978) .
V. MANAGEMENT PRACTICES AND SOCIAL MECHANISMS FOR ECOSYSTEM-INSTITUTIONAL FIT
The lessons from the literature on common property resources indicate that local-level institutions can learn and develop the capability to respond to environmental feedbacks and surprises faster than do centralized agencies. Some of the most sophisticated local institutions are found in areas in which these systems have developed over a long period of time, on the order of hundreds of years. Examples include Spanish huertas for irrigation, Swiss grazing commons
In other areas, successful institutions have evolved over a short period of time (in the order of one decade) in response to a natural resource crisis. An example is the Turkish Mediterranean coastal fishery in Alanya (Berkes 1992). Yet other systems have collapsed and recovered sometimes more than
once (Berkes et al. 1989) . Ostrom (1990) 
The combination of those two streams of resource management has resulted in new insights concerning social-ecological linkages that contribute to building the resilience of the combined socialecological system. These insights into the problem of fit were generated from 13 case studies from a diversity of ecosystems in different parts of the world, and from both traditional and contemporary societies (Berkes and Folke 1998).
Reflection
The last decade has seen a rapid increase in interest in complexity theory. However, the elements in the governance field using these complexity approaches still have to expand on the role of the local level as seen in a broader setting and interplaying against these grander macro-level phenomena. In particular, the need for this is evident in the area of policy implementation, in which our understanding is still not ripe enough to sufficiently guide these processes, as exemplified by the implementation of the EU Water Directive. One could say that, in the earlier phase, the "low-hanging fruits" of the complex-systems thinking tree were harvested. The more highly elevated fruits that remain challenge the capacity of the methodological toolbox and its applications. (Niamir-Fuller 1998) . In ancient Hawaii, whole river valleys were managed as integrated farming systems, from the upland forest all the way to the coral reef (Costa-Pierce 1987) . The Gitksan of British Columbia are concerned not only with the production of fiber over several square kilometers, but also with the maintenance of ecological processes involving soil bacteria at the spatial scale of a few square meters (Pinkerton 1998) . Range reserves of African herders provide a "savings bank" of forage that serves as buffer to disturbance and surprise (Niamir-Fuller 1998) . Sacred groves in India absorb disturbance by serving as fire breaks for cultivated areas and villages (Gadgil et al. 1998 
The ecosystem approach has gained momentum during the last decade and incorporates many of the practices addressed above. Such practices were further addressed in relation to living with complexity and change in Berkes et al. (2003) . A lot of research has addressed the adaptive capacity of local groups to respond to change, an issue that seems to be ever more closely related to vulnerability and resilience in the face of altered disturbances and climate change (e.g., Adger et al. 2005) . Over the past decade, our ability to carry out in-depth analyses had benefited greatly from the expansion of research capacity in many countries of the "South." Although our larger, international understanding of adaptive capacity is still not very strong, our knowledge in this area continues to increase bit by bit. This is another manifestation of the expansion of the knowledge society in which new globalization features are starting to be strongly enhanced, this time in the knowledge production field. (Warren and Pinkston 1998) . Reef and lagoon fishery management in Oceania show pervasive spatial ecological knowledge diffusion inferred through striking similarities in the management system across island groups (Johannes 1978) . Various kinds of taboos are ecologically functional and have the potential to build resilience in ecosystems Folke 1997, Gadgil et al. 1998) (Ruddle et al. 1992) . Several such prescientific ecosystem concepts are known from Europe, North America, and Asia, as well as from throughout Oceania, where they have been well documented (Costa-Pierce 1987, Gadgil and Berkes 1991 (Berkes 1989) , the emergence of a system of "cascading property rights" for water use in Florida in the droughts of the 1970s and 1981 of the 1970s and -1982 of the 1970s and (Light 1983 , and the incipient institution of the "sleeping territoriality" of some Pacific Islands, (Walker 1992) , in which species that have no role in key structuring processes under normal conditions have the capacity to absorb disturbances that challenge the processes and functions of the system .
Social mechanisms and institutions
. Many resources are not managed by numbers but through the social conduct (Acheson et al. 1998). Rituals help people remember the rules and interpret signals from the environment appropriately (Chapin 1991). The vanua concept in Fiji is an integrated human-nature concept that regards the land, water, and human environment as a unit, one and indivisible
Reflection
Because the landscape is strongly impacted by cultural factors, it is important to understand these factors if we are attempting to assess the ways in which new phenomena may change the material "environmental" grounds for society. In this context, a lot of work on taboos and sacred areas has been carried out during the last decade, and our understanding of co-evolutionary social-ecological processes and the features of both traditional and contemporary societies has been enhanced. Progress has been made on issues related to collective and social memory, but findings in this area must be linked to ecosystem management. The challenges of climate change have sparked considerable interest over the last decade in integrated social-ecological studies of strongly connected complex systems. Earlier climate change was a dubious possibility, especially to nonscientists. Now it is high on political agendas as expressed, for example, in G8 priorities and similar measures.
Responding to disturbance
There are many examples of local communities that have recognized the necessity for the co-existence of gradual (exploitation and conservation phases) and rapid (release and reorganization) change as described earlier for the forest fires in ecosystems (see Fig. 1 ). We believe that in their institutions they have accumulated a knowledge base of how to respond to dynamic changes in ecosystems (Berkes and Folke 1998) . Holling et al. (1998) (Gadgil et al. 1993 
Reflection
The issues raised above represent one of the major challenges for research on sustainability, i.e., how to stimulate the emergence of multilevel and adaptive management systems that can secure the capacity to sustain ecosystem services (Folke et al. 2005) . The interplay between periods of gradual change and periods of rapid change is an area that Ecology and Society 12(1): 30 http://www.ecologyandsociety.org/vol12/iss1/art30/ still needs to be addressed. This area becomes especially important in a context of global change and highlights the need to not just adapt to disturbance as such, but to sustain the ingredients of social-ecological resilience that provide the sources for renewal, innovation, and development. The alternative is societies that are relatively inflexible when it comes to dealing with change; these are sometimes referred to as rigidity traps or poverty traps (Gunderson and Holling 2002) .
VI. ADAPTIVE MANAGEMENT AND NESTEDNESS OF INSTITUTIONS
Enhancing the resilience of ecosystems to disturbance will be increasingly important in the light of threats from global environmental change. Ecotechnology (e.g., Mitsch and Jörgensen 1989) and ecosystem restoration (e.g., Cairns 1995) (Holling 1978 , Walters 1986 ). This means that we need to view the implementation of policy prescriptions in a different, more adaptive way that acknowledges the ever present uncertainty and allows participation by various stakeholder groups. Adaptive management views regional development policy and management as "experiments," in which interventions at several scales are made to achieve understanding and to identify and test policy options (Holling 1978 , Walters 1986 , Lee 1993 , rather than as "solutions." Adaptive management effectively breaks down the barrier between research and management. As it proceeds in a stepwise fashion, responding to changes and guided by feedback from the ecosystem, it allows for institutional learning (Gunderson et al. 1995) .
Reflection
Adaptive management in relation to the ecosystem approach has been on the table since the late 1970s, and has received widespread interest during the last decade. Some claim that it is a failure, because it hasn't worked well over the longer term, and therefore management should shift back to conventional approaches. We do not agree with this perspective for at least two reasons. The first is that the process of adaptive management, whether it is science-based with active adaptive management or more passive adaptive management like the one described in many local communities and traditional societies, triggers learning and stimulates selforganization toward ecosystem management. That has been observed in several case studies during the last decade (Berkes et al. 2003) . Second, the reason for the observed failure may be because of a too narrow appreciation of the social dimension of ecosystem management, and this dimension is, as we have argued here, of great significance in relation to the problem of fit. (North 1993) . The distinctiveness of the bounded rationality literature is its focus on imperfect rationality rather than imperfect information (Day and Pingle 1991) , i.e., the deliberation cost problem as distinct from the transaction cost (Coase 1960) or the information cost problems (Conlisk 1996) . Bounded rationality is appealing in that it adheres to an economic notion for its explanation of institutional behavior, i.e., the notion that human cognition is scarce and therefore costly. It explicitly acknowledges, in contrast to perfect rationality constructs, that the environment in which humans operate is complex and poorly understood.
Institutional learning and bounded rationality
Understanding institutional learning, if it exists, requires an understanding of the evolutionary processes of institutions. Recent advances in cognitive science have again highlighted the importance of bounded rationality in the development of human institutions (reviewed in Conlisk 1996). North has recommended this literature to economists because of the new frontiers it opens up for understanding institutions and bounded rationality
One example of the importance of boundedly rational behavior in the evolution of institutions relies on the notion of a competence-difficulty gap.
Ecology and Society 12(1): 30 http://www.ecologyandsociety.org/vol12/iss1/art30/ Ronald Heiner (1983) When will a person (or group) decide to be behaviorally responsive to environmental information, and when will they decide to be unresponsive? Note that Heiner's argument is not that institutions evolve to reduce uncertainty, although that is a second-order effect, but rather that they evolve in response to uncertainty, because humans are unable to respond optimally to numerous and hopelessly complex sets of relationships. At least some of these institutions result not from a sophisticated understanding of the environment, but from our inability to cope with its complexity. The implication is that there are times when more and more information is not useful, and that simple heuristics, myths, or institutions are more beneficial on average in structuring behavior. (Kuhn 1962) , in pointing out that the lack of (Heinerian) reliability will cause scientists to resist new theories and to systematically ignore accumulating evidence. This may have been the case in the collapse of the Newfoundland cod fisheries described by Finlayson and McCay (1997 
Reflection
Institutional learning, which might perhaps be better described as collaborative and collective learning that becomes embedded in institutions, has increased in importance during the last decade. Because of the ability of institutions and organizations to incorporate learning into management, they have progressed from adaptive management to adaptive co-management, (e.g., Olsson et al. 2004a , Armitage 2005 , Imperial 2005 , which deliberately connects varied governance structures into more intentional structures. From coadaptive management they moved on to the even broader concept of adaptive governance that now covers the interplay among governance systems over a broad range of multilevel organizations in relation to ecosystem management and services (Dietz et al. 2003 , Folke et al. 2005 . The investigation into these normative and administrative http://www.ecologyandsociety.org/vol12/iss1/art30/ settings is just now getting under way. This is a change from research capacities and interests in the mid-1990s. (Taussig 1987 , Peluso 1992 , Tsing 1993 ).
Nested institutions
Narpat
As we stressed earlier, the institutions of conventional (read "modern") Holling et al. (1998) Holling and Sanderson (1996) (Schumpeter 1950;  (Ostrom 1990 , Hanna et al. 1996 Holling and Sanderson (1996) (Levin et al. 1998) .
Reflection
Although the cross-scale investigations may have been taking place in the 1990s at an analytical level, what is now emerging is a stronger understanding that the interlinkages between the socioeconomiccultural spheres and the ecological ones are not only analytical in nature but real. This calls for yet another higher level of analysis of which the interconnected system, rather than the relationship between two systems, is the core object, which would entail an analysis of the fit between them. In this context, work on leadership, team building, social networks, the emergence of organizations, the roles of actor and actor groups, etc., becomes of high relevance for understanding processes of adaptive governance and adaptive capacity during periods of abrupt change and reorganization Holling 2002, Folke et al. 2005) . Researchers must also try to determine which of the multitude of links are tight couplings and which are less so (Levin 1999) . The understanding of this distinction also holds the key to the systems characteristics of the joint system. Here the past decade has seen some very interesting approaches, e.g., in archeology, that have used complex systems theory to develop understandings about the longterm development of societies and their potential rapid transitions (e.g., van der Leeuw 2000).
VII. RESEARCH CHALLENGES FOR THE PROBLEM OF FIT BETWEEN ECOSYSTEMS AND INSTITUTIONS
Clearly, conventional approaches will not suffice to cope with the spectrum of potentially catastrophic and irreversible environmental problems caused by loss of biodiversity and ecosystem resilience.
According to Levin et al. (1998) (Hanna et al. 1996) . This is illustrated by the following questions about a property right inspired by Parker Shipton (1988) (McCloskey 1991 , Goland, 1993 . Although some taboos have conservation implications, that is not true for all taboos (Hames 1991) , and concepts for distinguishing them are necessary (Colding and Folke 1997) As Lee (1993) (Wilson et al. 1990 ). When such a situation occurs, there is a great deal of room for human conflict. The battle over conceptual models may assume a strategic role, and the obfuscation and repression of knowledge may become a source of political advantage for privileged groups (Lindblom 1990, Holling and Sanderson 1996) . (Ekins et al. 1994 , Anderson et al. 1995 
Envisioning institutional futures
Reflection
This comment is the final one and tries to sum up some of the comments about the emerging field we have discussed. We try to point to a few domains of future investigation that may be of great importance but remain poorly studied. As we have seen during our comparisons step by step in the text above, the following 10 points would be worth looking into:
1. The development of complex systems theory to be applied to integrated social-ecological systems, including the economic and cultural domains. This includes the extent to which both partial systems and the total system can be described as nested. It also means that the idea of fit between the parts is hereby transformed into an issue of the behavior of the system as a whole;
2. The investigation into the development and evolution of norms in relation to adaptive capacity for dealing with change;
3. New understanding of the economic drivers operating at multiple levels simultaneously as part of a governance system and in the context of globalization.
4.
New perspectives on global societal dynamics in relation to the dynamics of the biosphere.
5.
New societal understanding about the roles of technology and knowledge in the interplay with the socioeconomic-cultural and environmental systems.
6. More insight into the vulnerability and resilience facets and what this means in terms of policy design.
7.
A broader sense of what are to be interpreted as "institutional factors" in the context of adaptive governance, which could include various facets of governance, networks, leadership, and actor groups.
8. The consequences of a stronger emphasis on dynamics when entities that are changing their relations also are undergoing internal transformations. The network aspects of these relations are here a part of the challenge;
9. The roles of information and knowledge in relation to the broader societal change and resilience factors at various levels;
10. The features of transitions, tipping points, or threshold conditions in the integrated system and how they operate across various levels.
